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(54) Magnetic actuator device 

(57) A Magnetic actuator device 50 
comprising magnetizable material 
51 defining a gap 57 in which a 
magnetizable member 56 of a com- 
posite armature 54 is disposed and 
movable in a direction from one 
side of the gap 57 to the other side 
in response to changes in magneti- 
zation of the movable member 56 
another part 55 of the armature 
being fixed. The member 56 at one 
side has shaped surfaces 39 b ex- 
tending generally in the direction of 
movement of the member 56 and 
which overlap in abutting or near 
adjacent relationship shaped sur- 
faces 39a of the material 51 
throughout the movement of the 
member 56. The overlapping sur- 
faces 39a, 39b provide a path for 
magnetic flux in operation of the 
device 50, so that an asymmetric 



magnetic field is distributed about 
the member 56 in the direction of 
movement causing the member 56 
to move across the gap 57. In other 
arrangements the armature follows 
a curved path. 
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SPECIFICATION 

Magnetic actuator device 

5 This invention relates to a magnetic actuator 

device for moving a magnetizable member 
. under the influence of a magnetic force, for 
example a solenoid. 

In order to obtain the largest magnetic force 

1 0 and, therefore, the fastest operation in a given 
size of known such devices, the magnetic flux 
density in the fully energised state is usually 
made as high as can be efficiently obtained 
with the magnetic material used. Any further 

15 increase in magnetic force would require an 
increase in the size of the device, but a basic 
characteristic of such devices is that when the 
size is increased the mass of the movable 
member increases proportionally with the 

20 cube of the linear dimensions of the movable 
member whereas the magnetic force on the 
movable member increases proportionally only 
with the square of the linear dimensions 
thereof. 

25 The invention therefore in one aspect pro- 
vides a magnetic actuator device for providing 
movement of a magnetizable member in re- 
sponse to changes in magnetization, the de- 
vice comprising magnetizable material 

30 defining a gap, and means for varying the 
magnetization of the material, the magnetiza- 
ble member being locatable in the gap and 
movable in a direction from one side of the 
gap towards the other side thereof in response 

35 to changes in the magnetization of the mate- 
rial, and the member having a plurality of 
surfaces at one side thereof aligned substan- 
tially in said direction, which surfaces 
throughout the movement of the member in 

40 response to said changes in magnetization 
overlap adjacent surfaces of the material so as 
to provide a path for magnetic flux through 
the overlapped surfaces. 

The proportion of the total surface of the 

45 said magnetizable member on the said one 
side thereof comprised by the said plurality of 
surfaces is desirably such that the movement 
causes substantially less change in energy of 
the magnetization on said one side than on 

50 the other side where overlapping surfaces of 
the member and the material in the direction 
of movement may be absent. 

The invention in another aspect provides a 
- magnetic actuator device for providing move- 

55 ment of a magnetizable member in response 
to changes in magnetization, the device com- 
• prising magnetizable material defining a gap, 
means for changing the magnetization of the 
material, and a magnetizable member locata- 

60 ble in the gap and movable in a direction 
from one side of the gap to the other side 
thereof in response to said changes in mag- 
netization, the member at one side thereof 
and the magnetizable material at that side of 

65 the gap adjacent to said one side of the 



member having surfaces shaped to overlap 
each other generally in said direction, thereby 
in operation producing an asymmetric distri- 
bution of the magnetization about the member 
70 in said direction and causing the member to 
move towards the other side of the gap under 
the influence of the asymmetric magnetiza- 
tion. 

The invention may with advantage be incor- 

75 porated in a magnetic actuator provided by a 
solenoid, for example a solenoid for exerting a 
relatively large force over a short stroke. Thus 
the invention further includes a solenoid com- 
prising a stator and an armature, wherein the 

80 armature is of composite construction com- 
prising a stationary portion thereof and a 
portion of the armature movable towards or 
away from the stator under the effect of the 
magnetization on the movable portion, and 

85 the movable portion having shaped surfaces 
at one side thereof so as to overlap correspon- 
dingly shaped surfaces of the stationary por- 
tion or of the stator, and thereby in operation 
producing an asymmetric energy of magneti- 

90 zation about the movable portion so as to 
move the movable portion away from said 
shaped surfaces under the influence of the 
asymmetric magnetization. 

In the aforesaid aspects of the invention, 

95 return movement of the member may be 
effected by resilient biasing means. The over- 
lapped surfaces may be in abutting relation- 
ship or near adjacent relationship, and the 
direction might extend linearly or arcuately, 
100 the overlapped surfaces being parallel to or 
concentric with said direction. Desirably, the 
overlapped surfaces are provided by portions 
of a plurality of complementary steps, and 
each step might have an acute included an- 
105 gle. It is advantageous for the gap to extend 
normal to the direction of the magnetic flux in 
the magnetizable material at said other side of 
the gap, although if desired the gap may 
extend angularly to said direction of the mag- 
1 1 0 netic flux. The shaped surfaces and the corre- 
spondingly shaped surfaces of the solenoid of 
the invention may be substantially of zig-zag 
or sawtooth form, and it will be understood 
that the invention includes an armature 
1 1 5 adapted for the solenoid of the invention. 

The invention will now be further described 
by way of example only with reference to the 
accompanying diagrammatic drawings, in 
which: 

1 20 Figure 1 shows a side view of a magnetic 
actuator device in the form of a conventional 
solenoid; 

Figure 2 shows a side view in medial sec- 
tion of the solenoid of Figure 1 modified to 
1 25 incorporate the invention; 

Figure 2a shows a sectional view on the 
line lla-lla of Fig. 2; 

Figure 3 shows a side view in medial sec- 
tion of a modified form of the solenoid of Fig. 
130 2; 
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Figure 3a shows a fragmentary view in the 
direction of arrow 'A' of Fig. 3; 

Figure 3b shows to an enlarged scale a 
fragmentary sectional view on the line II 16-1- 
5 lib of Fig. 3a; 

Figure 4 shows a side view in medial sec- 
tion of a modified form of the solenoid of Fig. 
3; 

Figure 5 shows a side view in medial sec- 
10 tion of another modified form of the solenoid 
of Fig. 3; 

Figure 5a shows to an enlarged scale part 
of the view of Fig. 5; 

Figure 5b shows a fragmentary view in the 
1 5 direction of arrow 'X' of Fig. 5; 

Figure 6 shows a side view in medial sec- 
tion of an alternative magnetic actuator device 
to that of Fig. 1 and incorporating the inven- 
tion; 

20 Figure 6a shows to an enlarged scale part 
of the view of Fig. 6; 

Figure 7 shows a side view in medial sec- 
tion of a modified form of the solenoid of Fig. 
4; 

25 Figure 8 shows a side view in medial sec- 
tion of another alternative magnetic actuator 
device; 

Figure 8a shows to an enlarged scale part 
of the view of Fig. 8; and 
30 Figure 9 shows a fragmentary side sectional 
view of yet another magnetic actuator device. 

In the above Figures, like parts have like 
numerals. 

Referring now to Fig. 1 , a solenoid 1 0 is 

35 shown and comprises, a U-shaped stator 1 1 
having windings 12, and an armature 14 
which defines parallel gaps 1 7 between pole 
piece ends 1 3 of the stator 1 1 . 

In operation, on the windings 12 being 

40 energised in a conventional manner, the arma- 
ture 14 is attracted by and moves towards the 
stator 1 1 under the action of the magnetic 
force arising in the gaps 1 7. On the windings 
1 2 being de-energised so that the magnetic 

45 flux decays, the armature 1 4 is arranged to be 
moved away from the stator by resilient 
means (not shown). As aforementioned, for 
high speed operation the essential require- 
ment is for a high ratio of magnetic attractive 

50 force to mass (and thus to volume) of the 
armature 1 4, which is not readily attained 
with such solenoids 1 0. 

In Figs. 2 and 2a, a solenoid 20 is shown 
having a stator 1 1 and windings 1 2 identical 

55 to those of Fig. 1 , but having an armature 24 
of composite construction. The armature 24 
comprises a stationary portion 25 which is 
held by a support (not shown), and an annular 
movable member 26 having thin side cheeks 

60 28 and which locates as a sliding fit about the 
stationary portion 25. Most of the volume of 
the movable member 26 is concentrated op- 
posite ends 1 3 of the stator 1 1 to define 
parallel gaps 27 therebetween. 

65 In operation, on the windings 1 2 being 



energised, the only appreciable magnetic 
force on the movable member 26 is that 
arising in the gaps 27, since the adjacent 
surfaces of the movable member 26 and the % 

70 stationary portion 25 provide a path for mag- 
netic flux. An asymmetric magnetic field is, 
therefore, distributed about the movable mem- 
ber 26 in the direction of movement of the 
movable member 26 such that it is attracted 

75 by and moves towards the stator 1 1, being 
returned by resilient means (not shown) on 
the windings 12 being de-energised. 

The magnetic force on the armature 24 is 
the same as that experienced by the armature 

80 1 4 of Fig. 1 , but the moving part of the 
armature 24 (i.e. the movable member 26) 
has decreased in the ratio (L-1)L, and thus 
the force/volume ratio has improved by ap- 
proximately the ratio of L/(L-1) where as 

85 shown in Figure 2:— 

L = width of the movable member 26 

I = width of the stationary portion 25 

90 In Figures 3 and 3a, a solenoid 30 is 
shown which in many respects is similar to 
the solenoid 20 of Fig. 2 in having a stator 

I I with windings 1 2, but has a composite 
armature 34 which defines parallel gaps 37 

95 therebetween the stator 1 1, and has a station- 
ary portion 35 disposed within a hollow mov- 
able portion 36 provided with thin side 
cheeks 38. The stationary portion 35 and the 
movable member 36 interengage at which 

1 00 end thereof through a series of complemen- 
tary steps 29a, 39b respectively extending 
angularly across the movable member 36. As 
shown in Fig. 3d, each step 39a, 39b is 
formed by abutting slider surfaces 40, 41 

105 respectively aligned parallel to the intended 
direction of movement of the movable mem- 
ber 36 and opposing surfaces 42, 43 respec- 
tively which extend perpendicular to the slider 
surfaces 40, 41 to define gaps 45 between 

110 the opposing surfaces 42, 43. 

In operation, on the windings 12 being 
energised, an asymmetric magnetic field is 
distributed about the movable member 36 in 
the direction of movement of the movable 

115 member 36, since the gaps 45 carry very 
little magnetic flux, being by-passed by the 
slider surfaces 40, 41. The only appreciable 
magnetic force on the movable member 36 is 
that arising in the gaps 37 so that the mov< 

1 20 able member 36 is attracted towards the 

stator 11, and is returned by resilient means 
(not shown) on the windings 1 2 being de- - 
energised. 

The magnetic force on the movable member 
125 36 is the same as that on the movable 

member 26 of Fig. 2, but the volume of the 
movable member 36 has been reduced by a 
factor of approximately two so that the force /- 
volume ratio has been increased approxi- 
1 30 mately by a factor of two. 
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In Fig. 4, a solenoid 50 is shown which is 
similar in most respects to the solenoid 30 of 
Fig. 3, but has a stator 51 with windings 1 2 
* and with pole piece ends 53 each having 
5 faces inclined at about 45° to define between 
them a truncate V-shaped opening having an 
' included angle of about 90 s and in which a 
composite armature 54 is disposed. The arma- 
ture 54 comprises a stationary portion 55 

10 similar to the stationary portion 35 of Fig. 3, 
and a hollow movable member 56 which is 
similar in most respects to the movable mem- 
ber 36 of Fig. 3 but is relieved to correspond 
with the pole piece ends 53 and define paral- 

1 5 lei gaps 57 therebetween. The stationary por- 
tion 55 and the movable member 56 interen- 
gage through an angular series of comple- 
mentary steps 39a, 39 b identical to the steps 
39a, 39b of Fig. 3. 

20 The solenoid 50 of Fig. 4 operates in a 
similar manner to the solenoid 30 of Fig. 3, 
an asymmetric magnetic field being distrib- 
uted about the movable member 56 in the 
direction of movement of the movable mem- 

25 ber 56 to attract it towards the stator 51 on 
the windings 12 being energised. However, 
the inclination of the pole piece ends 53 of 
the stator 51 results in a reduction of the 
magnetic force on the "movable member 56 

30 by a factor of two in comparison with the 

magnetic force on the movable member 36 of 
Fig. 3, but the volume of the movable mem- 
ber 56 can be reduced by a factor greater 
than two and depends on the ratio of length 

35 of the gap 57 to the width of the pole piece 
ends 53. 

It will be understood that the angle of 
inclination of the pole piece ends 53 may be 
changed, the more acute the angle the greater 

40 the movement of the movable member 56 
across the gap 57. 

As an alternative to the arrangement of 
complementary steps 59a, 59 b between the 
stationary portion 55 and the movable mem- 

45 ber 56 of Fig. 4, the arrangement may be 

inverted as shown in Fig. 5 to which reference 
is made. In Fig. 5 a solenoid 60 is shown 
comprising a stator 61 having windings 12 
and similar in most respects to the stator 51 

50 of Figure 4, but has pole piece ends 63 which 
are shaped to provide an angular series of 
steps 69b which interengage a complemen- 
tary series of steps 69a in a hollow movable 
* member 66 of a composite armature 64 hav- 

55 ing a stationary portion 65. The steps 69a, 
69b as shown in Fig. 5a are identical in form 
: to the steps 59a, 59b of Figs. 4 and 4b, and 
have abutting slider surfaces 40, 41 respec- 
tively, and opposing surfaces 42, 43 respec- 

60 tively defining gaps 45 therebetween. The 
stationary portion 65 is of truncated V-shape 
and defines a parallel gap 67 at each end 
thereof between similarly inclined surfaces of 
the movable member 66. To avoid by-passing 

65 the magnetic flux away from the gaps 67, the 



movable member 66 has a non-magnetic base 
portion 66a and, as shown in Fig. 5b, non- 
magnetic side cheeks 68. 
The solenoid 60 operates in a similar man- 
70 ner to that described in relation to the sole- 
noid 50 of Fig. 4. On the windings 12 being 
energised, an asymmetric magnetic field is 
distributed about the movable member 66 in 
the direction of movement of the movable 
75 member 66 which is attracted by and moves 
towards the stationary portion 65. The mag- 
netic force on the movable member 66, and 
the volume of the moveable member 66, are 
approximately the same as those of the mov- 
80 able member 56 of Fig. 4. 

The invention may be incorporated in mag- 
netic actuator devices of alternative shape to 
those aforedescribed, for example as shown in 
Figure 6 to which reference is now made. In 
85 Fig. 6 a solenoid 70 is shown having a stator 
71 of part-annular form and arranged to be 
energised by windings 72. The radial thick- 
ness of the stator 7 1 is greater by a factor of 
>/2~than the width 'a' of the pole end pieces 
90 53 of the stator 51 of Fig. 4, and has radially 
extending pole piece ends 73 which define a^ 
sector having an included angle of about 90° 
into which a composite armature 74 is dis- 
posed, the armature 74 being shaped to cor- 
95 respond with the omitted sector of the annu- 
lus defined by the stator 71 . The armature 74 
comprises a stationary porton 75, and a hol- 
low movable member 76, which interengage 
through an angular series of complementary 

100 steps 79a, 79b respectively similar to the 
steps 39a, 39b of Fig. 3. As shown in Fig. 
6a, the steps 79a, 79b are -provided by 
abutting slider surfaces 80, 81 respectively 
extending parallel to a bisector of the sector 

105 defined by the pole end pieces 73, and op- 
posing surfaces 82, 83 respectively extending 
perpendicular to the slider surfaces 80, 81 
and defining gaps 84 between the opposing 
surfaces 82, 83. The movable member 76 

1 10 has side cheeks (not shown) and inclined end 
faces 82 which define parallel gaps 77 be- 
tween the end faces 73 of the stator 71 . 

In operation, on the windings 72 being 
energised, an asymmetric magnetic field is 

1 1 5 distributed about the movable member 76 
which is attracted by and moves towards the 
stator 71 . The magnetic force acting on the 
movable member 76 is twice as great as that 
in respect of the movable member 26 and 36 

1 20 of Figs. 2 and 3 respectively, whilst the scope 
for a reduction in volume of the movable 
member 76 is the same as that for the 
movable member 56 of Fig. 4. The annular 
shape of the stator 71 allows the width of the 

125 stator 71 to be the same as the length of the 
gap 77, and another example of such a 
magnetic actuator device having the axes of 
the pole piece ends of the stator normal to the 
parallel gaps is shown in Fig. 7. 

1 30 Referring to Fig. 7, a solenoid 85 is shown 
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comprising a stator 86 having windings 1 2 
and similar in many respects to the stator 51 
of Fig. 4, but the stator 86 is partially closed 
and shaped to provide inclined pole piece 
5 ends 87 between which is disposed a com- 
posite armature 88 identical in most respects 
to the composite armature 54 of Fig. 4, to 
define parallel gaps 89 therebetween the sta- 
tor 86. 

10 The solenoid 85 functions in a similar man- 
ner to that described in relation to the sole- 
noid 50 of Fig. 4, but the full saturation value 
of the pole piece ends 87 is provided across 
the gaps 89 because the path of the magnetic 

1 5 flux through the pole piece ends 87 is normal 
to the parallel gaps 89 unlike the solenoids of 
Figs. 4 and 5 in which the parallel gaps 57, 
67 are inclined to the flux path. 

The invention may also be incorporated in 

20 magnetic actuator devices to provide a rotary 
movement, for example as shown in Fig. 8 in 
which a magnetic actuator device 90 is shown 
comprising a ring-shaped stator 91 having 
windings 92 and generally of rectangular 

25 cross-section. A movable member 96 of mag- 
netizable material at one side thereof interen- 
gages the stator 91 through a radially extend- 
ing series of steps 99 a, 99 b. The other side 
of the movable member 96 is flat and defines 

30 a parallel, generally radially extending gap 97 
between a flat pole end 93 of the stator 91 . 
The steps 99a, 99b as shown in Fig. 8a, have 
abutting, arcuate slider surfaces 1 10,1 1 1 re- 
spectively extending on corresponding pitch 

35 circles centred at 1 1 9 which is displaced from 
the centre of the stator 91 , and arcuate op- 
posing surfaces 112, 113 respectively which 
define arcuate gaps 115 between them and 
extend at an acute included angle to the 

4-0 respective slider surfaces 110, 111. The mov- 
able member 96 is supported by a link 117 
which is restrained by a resilient means in the 
form of a compression spring 1 20 and ex- 
tends from a rod 118 pivoted at 1 1 9 so as to 

45 allow the slider surfaces 110, 111 to slide 
over each other as the movable member 96 
pivots between the steps 99a and the pole 
end 93 of the stator 91 . 

In operation, on the windings 92 being 

50 energised, an asymmetric magnetic field is 
distributed about the movable member 96 
such that the movable member 96 is attracted 
by and moves towards the pole end 93, 
thereby rotating the link 1 1 7 and thus the rod 

55 118, and is subsequently pushed away from 
the pole end 93 by the compression spring 
120 on the windings 92 being de-energised. 

It will be understood that if desired the 
opposing surfaces 42, 43, and 82, 83 of 

60 Figures 3 and 6 respectively may extend 

obliquely to the corresponding slider surfaces 
40, 41 or 80, 81 to define an acute angle 
therebetween, and although it is preferred to 
have the slider surfaces 40, 41, 80, 81, or 

65 110, 111 respectively in abutting relation- 



ship, if desired they may be spaced slightly 
apart to define a relatively narrow gap there- 
between. One of the advantages of the oppos- 
ing surfaces defining acute angles between * 

70 the respective slider surfaces is that it allows 
the slider surfaces to be longer, and thus 
exposes a greater cross-sectional area of the t 
slider surfaces to the magnetic flux so that a 
more uniform cross-section may be main- 

75 tained for the magnetic flux during the move- 
ment of the movable member. This aspect is 
shown in more detail in Fig. 9 to which 
reference is now made. In Fig. 9 a movable 
member 1 30 is shown defining at one side 

80 thereof a parallel gap 131 between an oppos- 
ing pole piece end 1 32 of an annular stator 
1 33. The other side of the movable member 
130 is shaped to define steps 139 b which 
interengage corresponding steps 1 39a of the 

85 stator 133. The steps 139a, 139b comprise 
abutting flat slider surfaces 140, 141 which 
extend parallel to the direction of movement 
of the movable member 1 30 and which is 
indicated by the arrow 'Z' of Fig. 9. Arcuate 

90 opposing surfaces 142, 143 define arcuate 
gaps 1 45 therebetween and extend at an 
acute included angle to the respective slider 
surfaces 140, 141. A broken line 146 ex- 
tends perpendicular to each slider surface 

95 140, 141 to indicate the additional length of 
the slider surfaces 140, 141 gained by the 
feature of having an acute included angle 
between the slider surfaces 140, 141 and the 
opposing surfaces 142, 143. 
1 00 The aforedescribed stators and stationary 
portions of the armature are preferably of 
laminated construction to reduce eddy current 
losses, and together with the movable mem- 
ber are desirably made of relatively high resis- 
105 tivity and permeability magnetizable material. 
It will be appreciated that although not 
aforedescribed, the linear movement of the 
movable members may be used to effect a 
displacement of an element of a system. 
110 Where desired, guide means (not shown) 
may be provided to restrain lateral displace- 
ment of the movable member. 

CLAIMS 

115 1 . A magnetic actuator device for provid- 
ing movement of a. magnetizable member in 
response to changes in magnetization, the 
device comprising magnetizable material 
defining a gap, means for changing the mafc- 

120 netization of the material, and a magnetizable 
member locatable in the gap and movable in 
a direction from one side of the gap to the^ 
other side thereof in response to said changes 
in magnetization, the member at one side 

1 25 thereof and the magnetizable material at that 
side of the gap adjacent to said one side of 
the member having surfaces shaped to over- 
lap each other generally in said direction, 
thereby in operation producing an asymmetric 

1 30 distribution of the magnetization about the 
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member in said direction and causing the 
member to move towards the other side of the 
gap under the influence of the asymmetric 
. magnetization. 

5 2. A magnetic actuator device for provid- 
ing movement of a magnetizable member in 
. response to changes in magnetization, the 
device comprising magnetizable material 
defining a gap, and means for varying the 

10 magnetization of the material, the magnetiza- 
ble member -being locatable in the gap and 
movable in a direction from one side of the 
gap towards the other side thereof in response 
to changes in the magnetization of the mate- 

1 5 rial, and the member having a plurality of 
surfaces at one side thereof aligned substan- 
tially in said direction, which surfaces 
throughout the movement of the member in 
response to said changes in magnetization 

20 overlap adjacent surfaces of the material so as 
to provide a path for magnetic flux through 
the overlapped surfaces. 

3. A device as claimed in Claim 2, 
wherein the proportion of the total surface of 

25 the said magnetizable member on the said 
one side thereof comprised by the said plural- 
ity of surfaces is desirably such that the 
movement causes substantially less change in 
energy of the magnetization on said one side 

30 than on the other side where overlapping 
surfaces of the member and the material in 
the direction of movement may be absent. 

4. A device as claimed in any one of 
Claims 1 to 3, wherein the overlapped sur- 

35 faces are in abutting relationship. 

5. A device as claimed in any one of 
Claims 1 to 3, wherein the overlapped sur- 
faces are in near adjacent relationship. 

6. A device as claimed in any one of the 
40 preceding Claims, wherein said direction ex- 
tends linearly, and the overlapped surfaces are 
substantially parallel to the linear said direc- 
tion, 

7. A device as claimed in any one of 

45 Claims 1 to 5, wherein said direction extends 
arcuately, and the overlapped surfaces are 
substantially concentric with the arcuate said 
direction. 

8. A device as claimed in Claim 6 or 

50 Claim 7, wherein said direction extends angu- 
larly with respect to the gap. 

9. A device as claimed in any one of the 
preceding Claims, wherein the gap is aligned 

v substantially normal with respect to the direc- 
55 tion of the magnetic flux in the magnetizable 
material at said other side of the gap. 

10. A device as claimed in any one of 
Claims 1 to 8, wherein the gap is angularly 
aligned with respect to the direction of the 

60 magnetic flux in the magnetizable material at 
said other side of the gap. 

11. A device as claimed in any one of the 
preceding Claims, wherein the overlapped sur- 
faces comprise portions of a plurality of com- 

65 plementary steps. 



12. A device as claimed in Claim 1 1, 
wherein each step has an acute included 
angle. 

13. A device as claimed in Claim 1 2, 
70 wherein at least another portion of each step 

at the included angle is of arcuate form. 

14. A device as claimed in any one of 
Claims 1 1 to 1 3, wherein the member is of 
hollow form, and said overlapped surfaces are 

75 at each end of the member. 

15. A device as claimed in any one of the 
preceding Claims, wherein return movement 
of the member is effected by resilient biasing 
means. 

80 16. A magnetic actuator device provided 
by a solenoid comprising a stator and an 
armature, wherein the armature is of compos- 
ite construction comprising a stationary por- 
tion thereof and a portion of the armature 

85 movable towards or away from the stator 
under the effect of the magnetization on the 
movable portion, and the movable portion 
having shaped surfaces at one side thereof so 
as to overlap correspondingly shaped surfaces 

90 of the stationary portion or of the stator, and 
thereby in operation producing an asymmetric 
energy of magnetization about the movable 
portion so as to move the movable portion 
away from said shaped surfaces under the 

95 influence of the asymmetric magnetization. 
17. A device as claimed in Claim 1 6, 
wherein the movable portion is of annular 
form and disposed about the stationary por- 
tion. 

1 00 18. A device as claimed in Claim 1 6, 
wherein the stator and the armature provide 
complementary portions of a substantially an- 
nular shaped device. 

19. A device as claimed in Claim 1 6 or 
105 Claim 17, wherein the movable portion is of 

hollow form and the stationary portion is 
locatable in the movable portion. 

20. A device as claimed in any of Claim 
16 to 19, wherein the shaped surfaces and 

110 the correspondingly shaped surfaces comprise 
regions of complementary steps. 

21 . A device as claimed in any one of 
Claims 1 6 to 19, wherein the shaped surfaces 
and the correspondingly shaped surfaces are 

1 1 5 substantially of zig-zag or sawtooth form. 

22. A device as claimed in Claim 1 6, 
wherein the movable portion is connectable to 
a pivotable link. 

23. In or for a device as claimed in any 

1 20 one of Claims 1 6 to 22, an armature adapted 
therefor, the armature being of composite 
construction comprising a stationary portion 
thereof and a portion of the armature movable 
towards or away from the stator under the 

125 effect of the magnetization on the movable 
portion, the movable portion being shaped at 
one side thereof so as to overlap shaped 
surfaces of the stationary portion, thereby in 
operation producing an asymmetric energy of 

130 magnetization about the movable portion so 



as to move the movable portion away from 
said shaped surfaces under the influence of 
the asymmetric magnetization. 

24. A magnetic actuator device substan- 
5 tially as hereinbefore described with reference 

to Figs. 3, 3a and 3d, or Fig. 4, or Figs. 5, 
5a and 5b e or Figs. 6 and 6a or Fig. 7 of the 
accompanying drawings. 

25. A device as claimed in Claim 24 and 
10 modified substantially as hereinbefore de- 
scribed with reference to Fig. 9 of the accom- 
panying drawings. 

26. A magnetic actuator device substan- 
tially as hereinbefore described with reference 

1 5 to Figs. 8 and 8a of the accompanying draw- 
ings. 

27. A system having at least one element 
arranged to be displaced by a device as 
claimed in any one of Claims 1 to 22 f or 24 

20 to 26. 
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